






















































































































































































































































































































??(ha) ?? ? ????? 817 (0.3)????????? 254,900 (99.7)???? 82,840 (32.4)???? 172,138 (67.3)? 255,770????? 29,431 (11.5) (17.1)?????? 23,630 (9.3) (13.7)???? 47,662 (18.7) (27.7)???? 5,139 (2.0) (3.0)???? 10,684 (4.2) (6.2)?? 116,546 (45.7) (67.7)第１表　十勝地方における主要作物の作付け面積 .
＊2006年度作物統計、野菜生産出荷統計より .　
  普通畑は畑作物・野菜等を作付けする圃場 .












































　　各区画の頂点の xy 座標（０～ 546）を入力 .
　　xy 座標から、各区画の面積を計算 .

































料作物（デントコーンなど），作付け不明を含めると，???? → ????? → ???????? → ??? → ??????? → ???? → ???????? → ???? → ????? → ??? → ???????? → ????? → ???
3????????????????????????1?? 2?? 3?? 4?? 5??
第４図　３年作付けパターンからの輪作体系の推定 .






















































































































要な３年作付けパターンで示される特定の作付け順???? ? ?? (?) ? ?? (?) ? ?? (?)???3???? 145 98.9 201 100 549 98.9
66 68.5 118 80.8 137 53.3???3???? (B) 12 52.6 10 38.4 12 20.9
B/A (%) (18.2) (76.8) (8.5) (47.5) (8.8) (39.2)
?? ?? ???????????3???? (A) ?????? ???? ?????第４表　３年作付けパターンの数と面積 .
＊普通畑作物のみの３年作付けは、野菜類、飼料作物を含まない .
  主要な３年作付けは、普通畑作物のみの３年作付けのうち、面積の変動係数が1.0以下のもの .
9十勝地方中央部における畑作物の輪作体系と連作障害発生の解析 ????????????
1?? 2?? 3?? ?????? ???? ???????? ???? ????? 11.8  7.1  2.0  ??? ??? ???? 2.9  8.6  2.0  ??? ??? ????? 1.2  2.2  ??? ????? ????? 0.3  ??? ??? ??? 2.2  ??? ??? ???? 1.6  ??? ???? ??? 0.9  ???? ????? ??? 7.6  5.9  4.0  ???? ????? ??????? 6.8  2.4  ???? ????? ????? 0.9  ???? ??????? ??? 0.8  ????? ??? ??? 4.3  7.5  ????? ??????? ??? 6.6  1.5  ????? ??? ???? 3.8  ????? ????? ??? 0.9  ????? ???? ????? 1.4  1.0  ??????? ??? ???? 6.0  ??????? ??? ??? 1.5  1.6  ??? ???? ????? 1.5  ??? ????? ??? 1.3  ??? ????? ???? 1.3  ???? ??? ??? 0.5  
第５表　主要な３年作付けパターンの出現比率（％）.
???????? ???????? ???????? ????? ?????????????11.8% 7.6% 3.8%0.9% 0.8%6.8%
第６図　淡色黒ボク土（新生）で抽出した主要な３年作付けパターンを連結した輪作体系 .
　　実線：占有面積５% 以上の３年作付け，破線：2.5 ～５% の３年作付け，
　　点線：2.5% 以下の３年作付け .
　　数値は３年作付けの前半の作付順序に表示 .


















積は29％に過ぎなかったが，主要な３年作付けの面???????? ?????????? ??? ???????? ???? ????? ??? ??? ???????????1.2%7.1% 5.9%2.4%???????? ?????????? ?????? ???? ????? ??? ??? ?????????? ???????2.0%0.9% 4.0%2.2% 0.5% 1.6%第７図　黒ボク土（美生）で抽出した主要な３年作付けパターンを連結した輪作体系 .　　実線：占有面積５% 以上の３年作付け , 破線：2.5 ～５% の３年作付け ,　　点線：2.5% 以下の３年作付け .　　数値は３年作付の前半の作付け順序に表示 .　　数字が２つある場合，上の数字は上へ分岐する３年作付け，下は下に分岐する３年作付け .　　輪作体系は，図の左端から数字が連続して表示してある作付け順序 .　
第８図　褐色低地土（西士狩）で抽出した主要な３年作付けパターンを連結した輪作体系 .








































































































































































































向に向かって，試験区間に３m の通路を設けた。?? ?? ???(g/?? ??????
(cm) (cm) ?? ??? ???????? 65 22.5 16.0 26.6 16.0 ????????????? 65 30 10.0 15.7 12.9 ????????????? 34 ?? 7.0 14.0 8.4 ??????????? 65 20?2?? 4.0 13.0 10.0 ????????? 65 20?2?? 4.0 13.0 10.0 ??????第７表　各作物の耕種概要 .
＊テンサイには、硝酸態窒素、ホウ素、マンガンを含有する肥料を施用 .
  春播コムギの播種量は14g/ ㎡ .
  春播コムギの施肥量は、1989年まで窒素 : リン酸 : カリウム =5.0：6.0：5.0g/ ㎡ .
? 1980 1981 ? 1985 1986 1987 ? 1990 1991 1992 ~ 1994 1995?????????????? ?????S????? ?????1? ??????????????? ??????????? ????????????? 第６表　各作物の供試品種 .
第９図　芽室町の旬別平均気温と作物生育期間 . 


















? ?? ?? ?? ???? ????? ????????? C0 ???1.5??/?? M1.5 ? 1.5??3??/?? M3 ? 3??5??/?? M5 ? 5???1.5??/?? B1.5 ? 1.5???3??/?? B3 ? 3???5??/?? B5 ? 5????3??/?? F3 ? 3 ?????1.5??/?? F1.5 ? 1.5 ?????? F0 ????? R ?????   1980~ 1981~ 1990~(?????/??第８表　試験区と処理内容 .
＊テンサイ，ジャガイモ，春播コムギに対する土壌燻蒸は1991年に開始 .
















ずれの有機物も C/N 比は10 ～ 20程度であった。C/




蒸 剤 は ， ダ イ ズ ， ア ズ キ に は D - D 剤（ 1 , 3 -
dichloropropene）を，テンサイ，ジャガイモ，春播














pH ??? ??? ??? ???? ?? ?? C/N?
(?????? 7.2 23.5 2.4 1.3 2.8 0.9 0.4 9.9????? 7.0 21.8 1.1 1.0 1.2 1.2 0.4 19.4
































































































1981 ～ 1985年，モノエースを供試した1986 ～ 1990
年，モノエース S を供試し，クロルピクリンを施用




































加し，土壌の養分保持力の指標となる塩基置換容量?? ??? ???? ?? ?? CEC
(me/100g??)????? (1979?) 1.9 1.4 16.0 6.2 100.2 15.5??5?? (1984?) 1.9 5.5 27.5 12.4 145.5 16.9??14?? (1993?) 2.5 9.3 36.3 18.3 161.4 19.7??????? 10?30 11?24 14?26 140?200(mg/100g???
B?????? ???? ????? ??? ??? ???????????? (mg/100g??? A
                 y = 0.3304x + 2.5015
r = 0.948**?????? ? ? ? ? ? ????????(kg/???????? (mg/100g???                 y = 0.1048x + 2.3477r = 0.8915*?????? ? ? ?? ?? ????????(g/??????  ? (mg/100g??? ??





　　A ではアルファベットで最小有意差を示し，B では輪作区の値，輪作区＋最小有意差の値を点線で示した .
　　C では各作物に対する窒素施肥量，D では有機物施用量と跡地土壌の窒素濃度の相関分析を行った . 
　　＊＊は１％，＊は５% 水準で有意 .
＊試験開始前，試験５年目の値と北海道施肥標準は松口・新田（1988）より引用 .
  試験５年目、同14年目の値は、有機物施用区を含む全試験区の平均値 .
  全試験区の有機物施用量を平均すると約２kg/ ㎡となる .
18 北海道農業研究センター研究報告第201号（2013）
                 y = 1.0856x + 4.7893
r = 0.915**?????? ? ? ? ? ? ????????(kg/????????? (mg/100g???                  y = 0.5453x - 1.8674r = 0.959*?????? ? ?? ?? ?????????(g/????????? (mg/100g??? ??
???? ? ? ? ? ? ????????(kg/???????? (mg/100g????????? ????????? ??? ??? ?????????????? mg/100g??? a b b bb** **A B
C D
                  y = 1.9058x + 27.441
r = 0.905**??????????? ? ? ? ? ? ????????(kg/?????????? (mg/100g???                   y = 1.5889x + 13.304r = 0.965*??????????? ? ? ?? ?? ???????????g/?????????? (mg/100g??? ???





　　A ではアルファベットで最小有意差を示し，B では輪作区の値，輪作区＋最小有意差の値を点線で示した .
　　C では各作物に対するリン酸施肥量，D では有機物施用量と跡地土壌のリン酸濃度の相関分析を行った .
　　＊＊は１％，＊は５% 水準で有意 .
第13図　作物（A，C），有機物施用量（B，D）が跡地土壌のカリウム濃度に及ぼす影響（1993 ～ 1994年）.
　　A，B では 年度を反復とした分散分析を行い，スチューデント化した範囲を用いた最小有意差を算出した .
　　A ではアルファベットで最小有意差を示し，B では輪作区の値，輪作区＋最小有意差の値を点線で示した .
















































































???????????? ? ? ? ? ? ????????(kg/????? (g/?????????????? ? ? ? ? ? ????????(kg/?????? g/?? ?
??????????? ? ? ? ? ? ????????(kg/?)??? (g/?????????????? ? ? ? ? ? ????????(kg/????? (g/?? A ?1981?1985?? B ?1986?1990??
C ?1992?1993?? D ?1994?1995?? **** ****
?????????????? ???? ???? ???????????? ??????
?????????? ???? ???? ????????????????????????? ???? ???? ???????????? ?????
???????????????? ???? ???? ??????????? /?? C????? ????? ?????SA????? ????? ?????S ??? D-D??????? D-D???? DB
第15図　連作，有機物施用量，土壌燻蒸がテンサイの糖量におよぼす影響 .
　　A：「ソロラーベ」供試年，B：「モノエース」供試年，C：「モノエース S」＋クロルピクリン施用年 ,




　　値を点線で示した .　＊＊は1% 水準で有意 .
第16図　テンサイの根重（A，B），糖分（C，D）の推移 .




























???????????? ? ? ? ? ? ??????? ?kg/????  ??? ??
?????????? ? ? ? ? ? ?????????kg/???????? A ?1992?1993??*
B ?1991?? ?????????? ???? ???? ??????????? ???





















































































????????????????? ? ? ? ? ? ????????(kg/????????? (g/??????????????????? ? ? ? ? ? ????????(kg/????????? (g/?? ????
????????????? ? ? ? ? ? ????????(kg/????????? (g/?? A ?1981?1990??
B ?1991?1993?? C ?1994?1995????
????????????????? ???? ???? ???????????? ????
???????????? ???? ???? ??????????????????????????????????? ???? ???? ???????????? ?????








　　値を点線で示した .　＊＊は１% 水準で有意 .
第22図　ジャガイモの上いも重（A、B），デンプン価（C、D）の推移 .




????????????? ? ? ? ? ? ????????(kg/??????? (g/??????????????? ? ? ? ? ? ????????(kg/??????? (g/?? ?????
???????? ? ? ? ? ? ????????(kg/??????? (g/?? A ?1981?1990??
B ?1991?1993?? C ?1994?1995??****
???????????? ? ? ? ? ? ????????(kg/??????????????????????? ? ? ? ? ? ????????(kg/??????????? ????
???????? ? ? ? ? ? ????????(kg/??????????? A ?1981?1990??




































































































































?????? ? ? ? ? ? ????????(kg/???????????????? ? ? ? ? ? ????????(kg/?????????? ??
???? ? ? ? ? ? ????????(kg/?????????? A ?1986?1990??






　　値を点線で示した .　＊＊は１% 水準で有意 .
27十勝地方中央部における畑作物の輪作体系と連作障害発生の解析
????????????? ? ? ? ? ? ????????(kg/????? (g/??????????????? ? ? ? ? ? ????????(kg/????? (g/?? ????
????????? ? ? ? ? ? ????????(kg/????? (g/??????????????? ? ? ? ? ? ????????(kg/????? (g/?? A ?1984?1985??
C ?1990?1991?? D ?1992, 1994?1995??** B ?1986?1988?? ***
第28図　連作 , 有機物施用量，土壌燻蒸がダイズの収量におよぼす影響 .




























































????????????? ? ? ? ? ? ????????(kg/?????? (/100???? ?























































































































?????????????????? ? ? ? ? ? ????????(kg/????? (g/?????
??????????????? ? ? ? ? ? ????????(kg/????? (g/?? ?????????????????? ? ? ? ? ? ????????(kg/????? (g/??
A ?1981?1989??
B ?1990?1991?? C ?1992, 1994?1995?? ******
第32図　連作，有機物施用量，土壌燻蒸がアズキの収量におよぼす影響 .























400???? ???? ???? ??????(g/?? ??A
B





????????????? ? ? ? ? ? ????????(kg/????? (g/??????????????? ? ? ? ? ? ????????(kg/????? (g/?? ????
????????? ? ? ? ? ? ????????(kg/????? (g/??????????????? ? ? ? ? ? ????????(kg/????? (g/?? A ?1981?1986??
C ?1991?1993?? D ?1994?1995?? *** B ?1987?1989??
第35図　連作，有機物施用量，土壌燻蒸が春播コムギの収量におよぼす影響 .
　　A：「ハルヒカリ」供試年，B： 「ハルユタカ」供試年，C：「ハルユタカ」＋クロルピクリン剤施用年，




































































細菌（CHAPO et al.，2002；LIU et al.， 2009；RYDER 
et al.，1999）などが報告されている。立枯病衰退現
象は他の作物を１回作付けする，あるいは土壌燻蒸








































拮 抗 菌 の 効 果 も 報 告 さ れ て い る（BAILY and 
LAZAROVITS，2003；OKA，2010）。










































              y = -173.7x + 722.2
















































               y = 156.96x - 46.812
r = 0.910**
                  y = 57.903x + 621.34





















































????????????????? ? ?? ?? ?????????(mg/100g?????? (g/??????????????????? ? ?? ?? ????????(mg/100g?????? (g/??                 y = 53.75x + 269.14r = 0.775*???????
?????????? ? ? ? ? ? ? ??????(mg/100g?????? (g/?? A
CB
第39図　テンサイ跡地土壌の窒素（A），リン酸 （B），カリウム濃度 （C） と糖量の関係（1994年）.
　　○：連作対照区と麦稈厩肥施用区（C0，M1.5，M3，M5），□：バーク堆肥施用区（B1.5，B3，B5），
　　▲：土壌燻蒸区（F0，F1.5，F3），●：輪作区（R）.






























































　 テ ン サ イ の 連 作 障 害 の 原 因 は， 北 見 で は
Aphanomyces cochlioides による苗立枯病，帯広では
Rhizoctonia solani による根腐病とされている（成田，




































































カのミネソタ州 Grand Rapids の30年間継続したそ
うか病検定圃場では，病原物質である Thaxtomin
の 生 産 能 力 が 欠 如 し， 抗 生 物 質 に よ っ て 他 の








                 y = -35.164x + 688.31




























































????????????????? ? ?? ?? ?? ?????????(mg/100g?????????? (g/??y = 20.587x + 318.87r = 0.835?????????????????? ? ? ?? ?? ????????(mg/100g?????????? (g/?? ????



























































400???? ???? ???? ????????/100???? ??0100200300400???? ???? ???? ????????/100???? ??A B ???A???????B????C0 M1.5 M3 M5 B1.5
B3 B5 F3 F1.5 F0
C:?????????????
第42図　ダイズ跡地のダイズシストセンチュウ卵密度の推移と試験区配置 .

























































が高いため，窒素１kg から生産できる子実 kg 数（窒
素利用効率：N use effeciency）が７～ 20程度，平
              y = -0.3439x + 275.22
r = -0.7272**????????????? ? ??? ??? ??? ????????/100g??????? (g/?? A ?1980?1984??


















































             y = 7.727x + 79.188
r = 0.9137**????????????? ? ?? ?? ?? ?? ?????????(mg/100g?????? (g/??                   y = 25.337x + 205.04r = 0.966*????????????? ? ? ?? ????????(mg/100g?????? (g/??
                  y = 79.497x + 12.562





　　白抜きのシンボルは連作条件，黒抜きのシンボルは輪作条件 .　＊＊は１%，＊は５% 水準で有意な相関を示す .






































































                   y = 0.9686x + 45.272








?????????????????? ? ?? ?? ?? ?? ?????????(mg/100g?????? (g/???????????????????? ? ? ? ? ? ????????(mg/100g?????? (g/?? ??????
???????????? ? ? ? ? ? ??????(mg/100g?????? (g/?? A
CB
???????????????? ? ?? ?? ?? ?????????(mg/100g?????? (g/?????????????????? ? ?? ?? ????????(mg/100g?????? (g/??
                    y = 42.867x + 154.58






































































2003；WELLER et al .，2002），その原因として
Psuedomonas 属菌（CHAPON et al.，2002；WELLER et 
























































??? ??? ??? ?? ?????? ???? ?????? ????? ???? ??? ??? ???? ????? ?????? ????? ?? ?? ???? ???? ????? ???? ???? ???? ??????? ???????????? ??????????? ? ? 1?
Heterodera glycines × × × ? ? ? × × × 6?
× 14)?????????? ? 11)
Heterodera elachista????????????? ? 7)
Globodera rostochiensis???????? ????????????? ? 4?
Meloidogyne incognita ? 8)? 9)
× × × ? × 12)
× × × × 13)
× × ? 16)?????????? ? 1?
Meloidogyne hapla ? 10)???????????????????????? × 2?
Pratylenchus penetrans × ? × 3?
× ? 5?? 10)
× ? ? 17)? 18)???????????? ? 11)
Pratylenchus coffeae × × ? × 15)
第12表　主な作物加害センチュウとその寄主作物、非寄主（対抗）作物 .
１）赤司・高倉  2002，２）藤村  1990，３）萩谷ら  1982，４）原ら  1983，５）星野ら  2000，６）一戸  1953，７）Inagaki 
1984，８）鎌田ら1998，９）木村ら  1990，10）松田ら  1980，11）松本ら  1978，12）水久保ら  2004，13）佐野  1995，14）







































??? ??? ????? ???? ??? ??? ??? ????? ???? ????? ?? ?? ??????? Strrptmyces scabies ? ???? Common scab???????? Strrptmyces turgidiscabies ? ???? Common scab???? Polymyxa betae ? ???? Rhizonamia
Polymyxa graminis ? ???? Yellow mosaic 15)15)14)11)
Spongospore subterranea ? ?????? Powdery scab 6)?? Aphanomyces cochlioides ? ??? Dumping-off 17)? ??? Black root 13)? ????? 13)
Pythium ? ????? Browning 5)? ??? Dumping 16)? ????? 2)???? Calonectria crotalariae ? ???? 8)Root necrosis
Gaeumannomyces garaminis ? ??? Take-all
Microdochium nivale ? ????? Snow mold
Sclerotinia borealis ? ??????? Sclerotinia snow blight??? Typhula ? ??????? Typhula  snow blight????? Cephalosporium gregatum ? ? ??? Brown stem rot
Cephalosporium gramineum ? ??? Cepharosporium  stripe
Fusarium ? ? ? (??????
Fusarium oxysporum ? ???? Fusarium  wilt
Rhizoctonia solani ? ??? Root rot? ???? Black scarf 7)5)5)5)9)12)3)10)1)2)
Pyrenochaeta ? ????? 4)
第13表　作物に加害する土壌微生物 .
１）馬場  1981，２）景山ら  1982，３）松口・新田  1988，４）松本ら  1978，５）松本  2009，６）美濃ら  2009，７）宮島・
坪木  1981，８）西ら  1999, ９）根岸・小林  1984，10）小川  1988，11）大藤  2005，12）尾崎  1994，13）清水  1994，14）








































al.，2001），不完全菌類の Trichoderma 属菌（VINALE 
et al.，2008），グラム陰性細菌の Psuedomonas 属菌


















?? ?? ?? ?? ??? ??????????????? Strrptmyces scabies ????? ???? Grand Rapids (????) ?? 8)???? Plasmodiphora brassicae ????? ???? ?????? ??? 5)?? Aphanomyces cochlioides ???? ??? ??????? ?? 9)???? Gaeumannomyces garaminis??? ??? Glen Osmond (???????) ??1 1)????? 6)???? Fusarium solani ???? ??? ??????? ??1 2)
  ?????? ?? 7)
Rhizoctonia solani ???? ??? ?????????? ?? 4)????? Heterodera glycines ??? ???????? ?????? ?? 3)第14表　土壌病害虫の抑止土壌、衰退現象の例 .
１）Chakraborty  1983，２）古谷・宇井  1981，３）橋本ら  1988，４）百町・宇井  1982ｂ，５）村上ら  2004，６）Narita














































あるいは拡散的に放出される化学物質が，同種の個???? ???? ???? ??? ????? ?? ???????? Aphanomyces ? euteiches Prunetin ? ????? 11)???? Aphanomyces ? cochlioides NO3-?Cl- ????? 12)???? Heterodera glycines glycinoeclepin A ???? 1)??? Gaeumannomyces graminis DIBOA ? ? ?? 10)??????? Fusarium solani ????? ? ?? 7)??????? Pratylenchus α-terthienyl ??? 3)????? Globodera rostochiensis Glucosinolates ? ???? 1)???? Meloidogyne hapla dhurrin ? ? ?? 6)
Streptmyces ????? Thaxtomin ? ???? 4)
Cepharosporium gramineum ??? Graminin A ???? 5)
Bacillus ?? ???????? ????? 2)
Psuedomonas Gaeumannomyces graminis 2,4-DAPG ? ?? 9)
Trichoderma ????????????? ??????? ????? 8)??????????????????????????
第15表　植物と土壌生物の間のアレロパシーの例 .
１）Chitwood  2002，２）Choudhary と Johri  2009，３）Cooper ら  1985，４）King と Calhoun  2009，５）Kobayashi と

















































だ け で な く，Aphanomyces 属 菌 で も 抑 止 土 壌
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Studies on Crop Rotation Systems and Injury caused by Continuous Cropping of 
Field Crops in Central Tokachi District
　Crop rotation is carried out for maintenance of 
soil fertility, and some of effects of crop rotation 
cannot substitute in the chemical fertilizer. It is 
thought that most of crop rotation effects are due 
to the reduction of injury by continuous cropping 
（ICC）. This study was conducted to determine 
cause of ICC and the effects of ICC on a crop 
rotation system. The study was conducted in 
central Tokachi District of Hokkaido, and 1） the 
crop rotation system was estimated quantitatively 
from cropping surveys, 2） the characteristics and 
causes of ICC were investigated by a continuous 
cropping experiment of field crops conducted for 
16 years, and 3） the effects of ICC on a crop 
rotation system were discussed.
１.  Analysis of crop rotation systems in central
　　Tokachi District
　For quantitative analysis of crop rotation 
systems, cropping surveys were conducted on 
light-colored Andosols （Shinsei）, Andosols （Bisei） 
and brown lowland soil （Nishishikari） in Memuro 
Town of central Tokachi District. The each survey 
site was about 120 ha （4 divisions of 576×576 m）. 
Crops cultivated in the period from 1983 to 1990 
were investigated. The survey maps for the 
8-years period were compared, and they were 
divided into fragments that had a single cropping 
sequence. The area of each fragment was 
calculated, and these values were input into a 
database.
　The cultivated areas per farm were about 23, 29 
and 15 ha for light-colored Andosols, Andosols and 
brown lowland soil, respectively. The cultivated 
area per farm was small for soil of high fertility. In 
each soil, sugar beet （Beta vulgaris L.）, potato 
（Solanum tuberosum L.） and winter wheat （Triticum 
aestivum L.） were the main crops cultivated. Other 
crops included sweet corn （Zea mays L.） in light-
colored Andosols, adzuki bean （Phaseolus angularis 
L.） and kidney bean （Phaseolus vulgaris L.） in 
Andosols, and vegetables and adzuki bean in 
brown lowland soil. 
　In this investigation, the number of cropping 
sequences （NCS） was calculated as,
　NCS = X n,
　where X is the number of cultivated crops and 
n is the year period of cropping sequence. Since 
NCS decreases with a decrease in n, the cropping 
sequence for the 8-year period was divided into 
cropping sequence for the 3-year period （CS3）. 
The shortest cropping sequence is a combination 
of  2 crops ,  and CS3 is  composed by two 
combinations of 2 crops. For example, CS3 of 1） 
sugar beet - potato – wheat （S-P-W） is composed 
by the combination of sugar beet - potato （S-P） 
and potato - wheat （P-W）. When CS3 of 2） potato 
- wheat - sugar beet （P-W-S） and 3） wheat - sugar 
beet - potato （W-S-P） exist, the combination of 
sugar beet - potato （S-P） exists in 1） and 3）, the 
combination of potato - wheat （P-W） exists in 1） 
and 2）, and the combination of wheat – sugar 
beet （W-S） exists in 2） and 3）. Therefore, CS3 of 
1） NARO Hokkaido Agricultural Research Center




a few, and crop rotation systems were limited. 
Since the cultivated area of sugar beet, potato and 
wheat was larger than that in past studies, crop 
rotation systems were simplified more. Because 
some crop rotation systems included continuous 
cropping of wheat, injury by continuous cropping 
（ICC） might occur. 
２.  Investigations of symptoms of ICC and 
　　methods for reducing ICC
　Sugar beet, potato, soybean （Glycine max （L.） 
Merr.）, adzuki bean and wheat （spring wheat） 
were cultivated in Memuro Town from 1980 to 
1995. Eleven plots were established for each crop. 
One plot was a crop rotation plot and the other 10 
plots were continuous cropping plots. In the 
rotation plot and one continuous cropping plot 
（control plot）, crops were cultivated with only 
chemical fertilizer. In the other continuous 
cropping plots, used as plots for application of 
organic matter, wheat culm manure or bark 
compost was applied at a rate of 1.5, 3 or 5 kg/m2. 
After successive applications of organic matter for 
more than 10 years, the concentrations of soil 
nutrient such as hot water-extractable nitrogen 
and phosphoric acid were increased. 
　For 3 soil fumigation plots, soil was fumigated 
after 1990 and wheat straw manure was applied 
at a rate of 0, 1.5 or 3 kg/m2. For soybean and 
adzuki bean, D-D （1,3-dichloropropene）  was 
applied from 1990 to 1995. For sugar beet, potato 
and wheat, chloropicrin （trichloronitromethane） 
was applied from 1991 to 1993 and D-D was 
applied from 1994 to 1995.
　Yield, degree of infection by soil-borne diseases 
or nematodes, and soil available nutrients （hot 
water-extractable nitrogen, phosphoric acid and 
potassium） were measured for each crops. Hot 
water-extractable nitrogen is correlated with 
biomass nitrogen. ICC was thought to have 
occurred when yield decreased or when the crop 
was in fected with so i l -borne d iseases or 
nematodes. The time course of yield decrease by 
continuous cropping （YDCC） was examined by a 
3）W-S-P and 1）S-P-W that have combination of 
S-P may be cropped continuously, and it is 
considered that a crop sequence of  W-S-P-W 
exists. Similarly, it is considered that a crop 
sequence of S-P-W-S-P exist with CS3 of 1）, 2） 
and 3）. In this crop sequence, combination of S-P 
is located at beginning and end of it. Therefore, it 
is considered that this crop sequence is repeated, 
and it is probably crop rotation system. Based on 
above consideration, crop rotation systems were 
estimated from CS3. 
　The area of each CS3 was totalized every year. 
From the cropping sequence for the 8-year period 
in this investigation, the area of CS3 was 
calculated as 6 replications. From data for the 6 
replications, the mean and coefficient of variation 
were calculated. CS3 that had a low coefficient of 
variation was cropped in high frequency, and they 
occupied large area. CS3 that had a coefficient of 
variation less than 1.0 was assumed to be the 
major cropping sequence for 3 years （MCS3）, 
and the major cropping sequences were used for 
estimation of crop rotation. Many kinds of CS3 
（145 - 549 kinds） existed. However, there were 
only 12 kinds of MCS3 in light-colored Andosols, 
10 kinds in Andosols, and 12 kinds in brown 
lowland soi l .  The area of MCS3 occupied 
approximately 53% of the light-colored Andosols, 
38% of the Andosols, and 20% of the brown 
lowland soil. 
　From MCS3 in light-colored Andosols, crop 
rotation systems were estimated as 1） sugar beet 
- potato – wheat （S-P-W）, 2） sugar beet - potato - 
wheat – wheat （S-P-W-W） and 3） sugar beet - 
potato - sweet corn – wheat （S-P-C-W）. 2） Sugar 
beet - potato - wheat - wheat （S-P-W-W） was 
estimated in Andosols. The crop rotation system 
could not be estimated in brown lowland soil. The 
total areas of MCS3 that composed these crop 
rotation systems were approximately 50% in light-
colored Andosols and 32% in Andosols. As 
reported previously, 1） crop rotation systems 
were composed by crops that cultivated area was 
large, and 2） previous crops of winter wheat were 
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it was recovered in soil fumigation plots by 
application of chloropicrin. Therefore, it was 
thought that ICC of sugar beet was influenced by 
soil biological properties except for root rot 
（Rhizoctonia solani AG-2-2）. From previous 
reports, it is thought that this cause of YDCC is 
Aphanomyces cochlioides.
　In continuous cropping of potato, starch yield 
decreased slightly, but common scab （Streptmyces 
spp.）occurred. Starch yield is the product of 
marketable potato weight and starch value. In 
continuous cropping plots, marketable potato 
weight decreased, but starch value increased. 
Marketable potato weight increased in organic 
matter application plots and soil fumigation plots, 
but starch value decreased in both of these 
treatment plots. Slight change of starch yield was 
probably caused by the compensatory relation of 
marketable potato weight and starch value. Starch 
yields increased with increase in soil nutrient. 
When soil nutrients were at the same level, starch 
yields of the rotation plot and chloropicrin 
fumigation plots were higher than those of the 
control plot and organic matter application plots. 
As in the case of sugar beet, YDCC was probably 
caused by soil biological properties. 
　Common scab declined slightly in the last four 
years of the experimental period. With increase in 
the amount of bark compost application, scab 
became severe. This was probably caused by soil 
exchange acidity（y1）, which correlated with 
aluminum ion concentration. Chloropicrin did not 
affect common scab. This result agrees with the 
results of a previous study showing that 
chloropicrin did not affect common scab when soil 
pH was more than 5.
　The yield of soybean markedly decreased from 
1983 to 1985 and after 1989. From 1983 to 1984, 
the egg density of soybean cyst nematode （SCN: 
Heterodera glycines） was high in continuous 
cropping plots, and it was thought that YDCC was 
caused by SCN. However, after 1987, the egg 
density of SCN decreased（decline phenomenon）, 
and soybean yield recovered in continuous 
yield index （control plot / rotation plot ×100）. 
Analysis of variance （ANOVA） was used to 
examine the effects of continuous cropping, 
organic matter application and soil fumigation. In 
ANOVA,  t r ea tment s  were  11  p l o t s  and 
replications were years of same conditions, i.e., 
same cultivars, same rate of fertilizer application 
and  e t c .  Th i s  rep l i c a t i on  i s  a  t empora l 
psuedoreplication. Therefore, the effects of 
experimental plots, not the effects of treatments, 
would be examined by the ANOVA.
　Severe ICC occurred in sugar beet. Sugar yield 
of the control plot decreased by about 50% in 
comparison with that of the rotation plot 
throughout the experimental period. In the 10 
continuous cropping plots, root rot （Rhizoctonia 
solani AG-2-2） occurred from 1985 to 1990. Sugar 
yield recovered with fumigation of chloropicrin 
application but was not influenced by D-D 
application. Sugar yield increased with organic 
matter application, and the effect became clearer 
with increase in the number of application years. 
It was thought that sugar yield was increased by 
accumulation of soil nutrients. 
　In high yield plots （rotation plot and chloropicrin 
fumigation plots）, the relationship between sugar 
yield and hot water-extractable nitrogen was 
significant. The relationship was also significant in 
low yield plots （control plot and organic matter 
application plots）. However, the two regression 
lines were clearly different. When soil nutrients 
were at the same level, sugar yield was always 
low in the control plot and organic matter 
application plots. ICC was probably caused by 
inhibition of soil nutrient uptake by the crop, not 
by decline of soil nutrients. Since inhibition of soil 
nutrient uptake recovered with soil fumigation, it 
was thought that this phenomenon was caused by 
soil biologic properties.
　After continuous cropping for 12 years, sugar 
beet was not damaged by root rot .  This 
phenomenon is called "decline of soil-borne 
disease". However, when root rot declined, sugar 
yield decreased in continuous cropping plots and 
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not affected by soil biological properties. When 
spring wheat was cultivated continuously for more 
than ten years, infection by soil-borne diseases or 
nematodes did not occur. However, in the 
chloropicrin application plot in 1991, take-all 
（Gaeumannomyces graminis） occurred in the patch. 
Take-all of spring wheat declined with long-term 
continuous cropping. Since take-all occurred again 
with soil fumigation, it was thought that this 
decline was caused by biologic factors such as 
antagonist microorganisms. However, it is possible 
that snow mold decreases wheat yield by 
continuous cropping, because the northern part of 
Japan is an area with much snow. 
　As described above, YDCC of sugar beet, potato 
and adzuki bean was probably caused by soil-
borne diseases or nematodes. In continuous 
cropping of potato, yield decrease was slight, but 
common scab occurred. The yield of soybean was 
decreased by SCN in the early period of 
continuous cropping, and the decline in yield was 
probably caused by a decrease in soil nitrogen 
（biomass nitrogen） in continuous cropping for 
more than ten years. In continuous cropping of 
spring wheat, yield decrease was slight, and then 
take-all infection was decreased by soil biological 
factors. In all crops, infection by soil-borne diseases 
or nematodes occurred, but yield decrease was 
slight in some crops. In some crops, infection by 
soil borne-diseases or nematodes was decreased 
by long-term continuous cropping. The severity of 
ICC was probably influenced by the decline 
phenomenon of soil borne-diseases or nematodes. 
　Crops release various compounds such as 
carbohydrates from their roots, and the region of 
soil influenced by these compounds is called the 
rhizosphere. The kinds of released compounds 
vary with crops. By continuous cropping of a 
specific crop, specific soil organisms may increase. 
ICC will occur when soil-borne diseases or 
nematodes are increased by continuous cropping. 
Soil-borne diseases or nematodes can survive by 
survival organs（eggs etc.）, and they can be 
increased by cultivation of the same crop again. 
cropping plots. Although egg density of SCN 
declined after 1987, soybean yield decreased again 
in the control plot after 1989. Soil was fumigated 
by D-D after 1990, and fumigation by D-D resulted 
in recovery of the yields of both the SCN-sensitive 
cultivar "Kitamishiro" and the SCN-resistant 
cultivar "Toyomusume". D-D is a nematocide, but 
D-D application probably resulted in recovery of 
soybean yield by other effects.  
　The effect of D-D on yield might be based on its 
effect on soil nitrogen. D-D promotes mineralization 
of soil organic nitrogen and inhibits nitrification of 
ammonia nitrogen. Therefore, D-D causes 
accumulation of ammonia nitrogen in soil. It is 
thought that soybean yield was increased by these 
effects on soil nitrogen. Soybean yield was not 
correlated with hot water-extractable nitrogen but 
was significantly correlated with potassium. 
Except for bark compost （low potassium 
concentration） application plots, however, soybean 
yield was significantly correlated with hot water-
extractable nitrogen. Therefore, soybean yield is 
probably influenced by soil biomass nitrogen. It is 
thought that soil biomass nitrogen was decreased 
by long-term continuous cropping of soybean.
　For adzuki bean, YDCC was remarkable as in 
the case of sugar beet. This yield decrease was 
probably caused by brown stem rot（Cephalosporium 
gregatum）. For infection of brown stem rot, 
nematodes（Heterodera glycines or Pratylenchus 
penetrans） are necessary as well as Cepharosporium 
gregatum. Application of D-D resulted in recovery 
of the yield of adzuki bean, and it was thought 
that D-D suppressed infection by nematodes and 
brown stem rot and increased the yield. Since 
SCN had already declined at D-D application time, 
D-D probably suppressed to Pratylenchus penetrans.
　The yield of spring wheat decreased slightly in 
the control plot and was not affected by soil 
fumigation. In 1993, the yield increased with 
increase in soil nutrients, and the relationships 
between soil nutrients and yield were not different 
in continuous cropping plots and the rotation plot. 
Therefore, it was thought that spring wheat was 
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in these cropping sequences, but SCN might have 
been decreased by long-term continuous cropping 
of beans. Soybean, adzuki bean and kidney bean 
are infected by soil-borne disease, but those 
diseases don't infect other beans. In these cropping 
sequences, red clover （Trifolium pratense L.） was 
often cultivated after continuous cropping of 
beans. This green manure crop not only reduces 
the density of SCN but also supplies organic 
matter that has been decreased by beans. 
Therefore, it is thought that past cropping 
sequences were devised to reduce ICC. In the 
estimated crop rotation systems in this study, the 
rotation cycle was short （4 years）, and it is 
possible that ICC occurs in these crop rotations. 
　To improve crop rotations, it is necessary to 
increase the number of cultivated crops by 
introducing new crops. In Tokachi District, where 
farms are large, the crops to be introduced must 
be a crop for which mechanical cultivation is 
possible. Oilseed rape （Brassica napus L.）, which 
have soil fumigation-like effect （bio-fumigation）, 
soybean, sweet corn and sunflower （Helianthus 
spp.） are thought to be suitable crops. Introduction 
of leguminous green manure is probably effective 
for maintaining soil fertility.
Therefore, one of the causes of ICC is soil-borne 
diseases or nematodes. However, soil-borne 
diseases or nematodes were suppressed by soil 
bio logical  factor （decl ine phenomenon or 
suppressive soil） in some cases. In soybean 
continuous cropping for more than ten years, yield 
probably decreased due to a decrease in biomass 
nitrogen, i.e., unharmful microorganisms. As 
described above, ICC was thought to be caused by 
soil-borne diseases or nematodes and other 
biological factors.
　In continuous cropping of sugar beet, soybean 
and spring wheat, yield was increased by organic 
matter application. The effects of organic matter 
were clear with its successive application. Organic 
matter supplies not only nutrients such as 
nitrogen, phosphoric acid and potassium but also 
carbon, which is an energy source of soil microbes. 
Carbon supply by organic matter application is 
probably effective in maintaining biomass nitrogen. 
For sugar beet, soybean and adzuki bean, soil 
fumigation reduced ICC. However, organic matter 
application and soil fumigation need much labor 
and are costly, and these treatments for reduction 
of ICC would be difficult in large-scale farms in 
Tokachi District. At present, as a method to 
reduce ICC, it is probably realistic to adopt a crop 
rotation system in which many crops can be 
cultivated.
３.  Improvement in crop rotation in Tokachi
      District
　The cropping interval of each crop in the 
estimated crop rotation in this study was sugar 
beet> potato> wheat. The cropping interval was 
long for sugar beet, in which ICC was remarkable, 
but wheat, in which there was only slight ICC, 
was cultivated continuously for 2 year. Therefore, 
it was thought that crop rotation was influenced 
by the degree of ICC of each crop.
　In the 1960's, cropping sequences that included 
continuous cropping of beans （soybean, adzuki 
bean and kidney bean） for 4-5 years were used in 
Tokachi District. SCN probably became a problem 
